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PREFACE

Project MAC was organized at the Massachusetts Institute of
Technology In the spring of 1963 for the purpose of conduct-
ing a research and development program on Machline-Alded
Lognition and Multiple~Access Computer systems, |t operates
under contract with the O0ffice of Naval Research, acting on
behalf of the Advanced Research Projects Agency of the
Department of Defense.

The broad goal of Project MAC Is the experimental
investigation of new ways In which on-line use of computers
can ald people In their Individual Intellectual work,
whether research, engineering design, management, or
education, One envisions an intimate collaboration between
man and computer system in the form of a real-time dlalogue
where both parties contribute thelir best capabliitles,
Thus, an essential part of the research effort s the
evolutionary development of a large, multiple-access
computer system that Is easily and Independently accessible
to a large number of people, and truly responsive to their
individual needs. The MAC computer system Is a flrst step
in this direction and Is the result of research (initliated
severa) years ago at the MIT Computation Center. Technical
Report MAC-TR-12 describes the system as of June, 1964,

Project MAC was organized in the form of an
interdepartmental, Interlaboratory '"project" to encourage
wlidespread participation from the MIT community. Such

widespread participation Is essentlal to the broad,
long-term project goals for three main reasons: exploring
the usefulness of on-1ine use of computers In a varlety of
flields, providing a reallistic community of users for
evaluating the operation of the MAC computer system, and
encouraging the development of new programming and other
computer techniques In an effort to meet specific needs.
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Faculty, research'itaff, and students from fourteen academic
departments and four Interdepartmental research laboratorles
are participating in Project MAC., For reporting purposes,
they are divided into thirteen groups, whose names
correspond In many cases to those of MIT schools,
departments and research laboratorlies. Some of the groups
deal with research toplics that fall under the heading of
computer sclences; others with research toplics which, while
contributing In a substantive way to the goals of Project
MAC, are primarily motivated by objectives outside the
computer fleld,

|

The purpose of thls Progress Report is to outline the broad
spectrum of research being carried out as part of Project
MAC, Some of the research Is cosponsored by other govern=-
mental and private agencles, and Its results are described .
In journal articles, reports and theses emanating- from the
various MIT departments and laboratories particlpating in
Project MAC. Such publications are listed In Appendix A of
the report. Internal memoranda of Project MAC are listed In

. Appendix B, and Project MAC Technical Reports are listed on
the inside of the back cover.

Robert M, Fano
Cambridge, Massachusetts
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L]
Measurements on the Time-Sharing System Performance - !

Richard G, Mills

Two kinds of statistics on the time-sharing system are beling
systematically gathered: the first Is oriented to the system }
and should yield Information about the efficient use of the
central computer, and the second is calculated to measure ,

the degree of satlisfaction of user demands, in the
system-oriented statistics, running time and program slze
are modes for the classiflication of computer use, Within

each bin determined by this two dimensional classlification
are recorded the number of entries and the computed averages
of running time and of elapsed time and other statistics.

User-oriented statistics are produced In a different way.,
The statisclcs gathering program samples the state of the
supervisor at frequent intervals, often of flve minutes, : s
gathers the various statistics, and writes them on the dlsk
for later off-line printing. The printouts also contain a
rough plotting device that assists the Interpretation of the .
statistics. Samples of the type of information gathered In
this way are the following:
1. percent run time for all users except background,
2, number of users logged in,
3. average number of commands per minute initiated by
consoles and programs,
k. percent of time spent swapping users, )
5. percent of time lost walting for disk while users
were reading,
6. number of flles read per minute by commands and
user programs,
7. number of flles written per minute by commands and
user programs,
8., number of words read per minute by commands and
user programs,
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9. number of words written per minute by commands and
user programs,
10. average of final 1links of user programs loaded
using LOAD command,
11, number of completed interactions per minute,
12, average number of users thinking,
13. average number of users waiting,
The programs: for gathering information In this form are now
being completed and polished. As soon as they ar~ available
In final form, the varlious parameters of the system will be
adjusted and the resulting effects on the system and the
users will be observed,
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Educational Applications of Multiple-Access Comouters -

Henry M, Paynter, Thomgs B, Sheridan, Roncld C. Rosenberg,
Roger A. Humphrey

This project develops techniques with which a learner may
experience an Important aspect of creative development: the
repeated posing, testing, and refining of hypotheses in the
light of experiment. With such techniques a user will
eventually make the effective use for his own needs of the
computational, simulative, and memory capabllities of a
general-purpose computer; and, the organization of hlis
experiences will be specific to the user's needs.

In a doctoral thesis problem, '"Teaching Dynamic System
Behavior by Machine", Ronald Rosenberg investigates how we
may give and control the conceptual organization of a
complex subject with respect to a user who Is interacting
with a computer. Project Entelechon, under the guldance of
Prof. H. M. Paynter, develops ways to teach the planning,
execution, and Interpretation of many logical and physical
experiments for informatlion acquisition, The current
doctoral thesis work of Marc Weinberger Is | fthe automatic
synthesls of complex systems which satisfy a varlety of
performance criteria, Underlying all these efforts !s the
question of how we may Improve the crea*ive learning
environment so as to produce better results.

We have developed a language for establishing a desired
learning environment of which conceptual organizaution wlill
occur, The language: is that of bond graphs, an
energetically-derived graphical symbolism with applications
to many engineering domains, such as mechanical translatlion
and rotation, electrical networks, and fluld systems, The
language has distinct advantages: a system description In
bond graph notation becomes the user's concept of the
system, a convenient coding of a system for storage and
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retr .eval by both the user and the computer Is now possible,
and the graphical language Itself suggests further Insights
and can form relationships with the physical world In terms
of primitives and aggregates.

A dynamic systems laboratory In the form of a diglital
simulator (ENPORT 1) Is now operational In the first
generation, This system simulates the hehavior of certaln
lumped-parameter parameter, passive, 1linear systems; it
further permits the creation of active source elements in a
unique way, We have also conducted a teaching experiment
which Indlcates that at least some users will carry out a
considerahle amount of exploratory behavior in response to
general problem statements,

in the normal learning environment, we shall expand the
simulator to cope with all lumped, llnear, passive systems;
and, we shall introduce a nonlinear primitive element,
probably In the form of a degenerate characteristic, such as
a diode. We shall also develop, in accordance with cuvrent
concepts of programmed Instructlion, a control system which
will monitor and gulide the behavior of a learner. With this
system the machine will exert concurrent Influence on the
user's actlons as well as provide data for the experimenter
to analyse and evaluate, Finally, the user wlll have at
least one opportunity to relate the dynamic system models he
Is developlng to a physical manlfestation. To keep adequate
records, the user must manipulate the physical system
entirely through the console.

A time-sharing system that will meet the above needs should
cause no perceptible delay of the user's thought processes.
A virtually Iimmedlate response to user Input should occur,
Furthermore, output rates of the computer system should
match user information acquisition and, possibly, decision
rates, Console Input formats should be extremely flexible
and tolerant of user error; they should put the burden for
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interpretation on the machine, principally by means of
sultable software., As a part of the CAD Project and Project
Entelechon, we have developed some Inexpensive equipment
which, while having a rapld display of analog-generated
signals, does not require excessive computer time,

ENTELECHON ZERO Is an analog computer capable of automated
setup and manipulation through a digital computer, The
analog computer |s equivalent to four K5-U's, For the sake
of simpliclity, the outputs will be semipermanently wired as
a matrix array to the Inputs. The computer will use eight
sollid-state operational ampliflers, with four running as
Inverters to provide positive and negative bus systems for
the Inputs. |t now uses twelve K2-W operational amplifiers.

The input transconductor blocks are the unique part of the
analog crmiputer. Each block consists of nine resistors with
binary conductance values connected In parallel from the
(+/=) Input bus to the operational amplifier Input, Each
transconductor requires a ten-bit binary code, Including
sign, for a setup that provides nominal! gain settings from
=15 to +15 In steps of about 0.031. The analog computer
uses twenty memory blocks, sixteen for parameter setting and
four for Initial condlitlons.

The diglital computer we are using in the development of
ENTELECHON ZERO s an IBM 7094, operating In the Compatible
Time=-Sharing System, This system sends Information (n an
expanded teletype code to modified teletype machines which
are the Input-output stations for the system. By using the
signals directly as they come over the phone lines,
ENTELECHON ZERO takes advantage of existing high-speed
computer buffering equipment, The software system of the
7094 also provides an extremely flexible backup for
ENTELECHON Z€MN,
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General Method for Network Svntheslis - Marc R. Welnberger

This research work Is the development of a general method
for nel.jork syntheslis, Though It uses the languzze of
electrical networks, the method applles also to mechanical
or structural circuits, Besides the usual linear elements,
it Includes a few basic nonllinear parts and, thus, has a
wide variety of possible applications, In contrast with the
classical procedures, time-domain synthesis is here directly
feaslible, We do not employ the devices of classical
synthesls, but achieve more general results by viewing the
problem as a search and, then, by applying random search
procedures. We may define a flexible criterion of goodness,
according to the wishes of each particular user, by weighing
not only purely technical performance but also cost factors
such as size dissipation. In the search for a network the
designer gains experience which helps him alter bhis
strategles., He may also vary the criterion in the nprocess
according to whether some of its factors bacome more or less
important in the narrow later stages of the search, For
this method, a dlrect and easy contract between user and
computer, such as the one established by time-sharing, Is
necessary. Though we may make several or even all of the
steps automatic, we should not prevent the user from
overriding this automatic portion at any time and then
concentrating the search according to the experience he has
gained, and thus from speeding up hls convergence on a
design.

During the reported period, we investigated the possibility
of and the general methods for realizing our objectives from
a theoretlical point of view and, then, undertook a small
problem of designing a delay circult. From this problem
came good results, and it provided information on the speed
of convergence of the search, Its need for adaptation of
criterfon and of strategles, and the point of Its cessation.
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We are now working on the problem of a coupling network for
a pulse amplifler. This problem exhiblts most of the
features stated above, but Is restricted to llnear cases,
It enumerates structures and assigns probabilities to them,
has a general criterion with varlable welghing factors as
the search progresses, and has a time behavior analysis, In
the coming months we shall Implement the gencral probhlem
outlined in the flrst part, particularly with regard to the
ease of modelling the nonllinear parts,

Command Programs for Time-Sharingz - Stephen L. Strong and
Roy Kaplow

The objective of this program Is the development of a system
of programs which will enable a user with a vocabulary of
ten or twenty commands to solve nonrepetitive computational
problems on the computer via the time-sharing system, After
a user initiates a command program, he communicates with the
machine on a question-and-answer !asls. There are, however,
Iinherert short cuts for the experienced user who wishes to
bypass Interrogation by the system,

This system will be useful both In teaching and Iin graduate
and staff research. In teaching, the system allows the
solutlon of nontrivial class and homework problems of an
experimental or theoretical nature, and yet does not require
the students to learn computer programming, In graduate and
staff research, it eliminates the programming for occasional
or trial applications which is inefficlent for both man and
machine. In addition, it furnishes those advantages
inh. “ent in direct contact between user and computer,

We began our project durlng the period covered by our report
and devcted considerable effort to establishing the ground
rules for the system, We have already written subroutlines

A,
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for format-free Input and subroutines for communication
between programs and disk; we are now writing the system In
a modular form, in which each command program is chalned to
by the main program, and to which we may add new commands as
we desire them, The system Is now able to evaluate any
FORTRAN arithmetic statement involving constants, vectors,
library functions, and ordinary arlthmetic ope-ations.

A simple example best |1lustrates the present development of
the system, Given some data which represents a potential
function U(r), we require the derivation of a density
function from the equation: _
DENS(R) = &4 R(exp(=U(r)/KT) = 1.0)
We use the following procedure:
1., We initlalize the system,
2, The system Indicates that the previous operation Is
completed and requests a new command,
3. We ask the syctem to print the Input data,
4. Since the data Is not on the disk with the name
speclfied, the system asks If there is a pseudonym, |If
the data were loaded on the disk during disk edit, It
would have as its secondary name the format of the
data, i.e., DATA 10F7.3,
5. Slince we have not previously loaded it on the disk,
the data will be typed in now,
6. The data is typed in arbitrary format, with each
data polnt separated by a space,
7. Now that it has the necessary Iinformation to
complete the print command, the system prints the data,
U(r), as requested.
8. The equation Is now given as a command, WX
9, Since the constant pi Is not on the disk, the
system requests It, After this request the system
knows that pi = 3,14159,
10, We now print the answer using the short form of the
print command,
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The system commands for Integration with fixed or varlable
limits, for Fourier transforms, and for differentiation,
have been outlined. Since the system became operational
only in June, It will require some operational experience by
others to ascertailn its weaknesses and operational
characteristics.

Computer-Alded Ship Deslgn - M. L. Hamllton and A, D. Welss

The goal of thls project Is a computer-alided system for the
pretiminary design of naval ships that assists and enhances
the naval archltect's work In the design process. A system
of fluent communications between man and machine, which we
hope to achieve with a design console that consists of a
‘typewriter and a display scope, Is Indispensable to our
goal,

The lag time between a decislon to fix certain design
parameters and the gathering of sufficlent Information for
the evaluation of thls decision is the most Iimportant factor
In overall design time., The abllity to make a decision and
to Immedlately see the effects of that decision on the
lesign Is an Invaluable aid In the preliminary design of
ships due to bounds set by minimum welght, maximum volume,
and proper stebllity. This triad of welight, volume, and
stabllity characteristics results from a combination of hull
parameters and hull shape, the arrangement of spaces, and
the type of ship selected In the design cycle. We have
programmed known relationships among these variables, and
used graphical Input/output devices for the description of
hull surfaces and for the arrangement of space., This is the
major portion of the computer-aided design process,

Our progress to date bhas been In two areas: (1) the
evaluation of welght and powering requirements for destroyer
types and (2) hull surface description and assoclated

prer e
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properties, In the flirst, we have developed a program which
iteratively solves for ship displacement and shaft
horsepower from a choice of destroyer hull parameters. in
the second, we have worked on the generation of hull
surfaces analytically with the technique of Professor Steven

A. Coons that uses parametric curvilinear coordinates, We
have designed and displayed such surfaces on the KLUDGE
equipment at Project MAC. We have also worked on the

evaluatlion of surface area and enclosed volume properties of
such surfaces. This work on surface generation and dlisplay
may form the basis for a later system which uses SKETCHPAD
111 for graphical communication between man and machine,

We have further developments to make In the hull design
process, In the presentation of hull sections for purposes
of arrangement, and In the adaptation of the computer alds
for easy use by the actual designer. A serles of parametric
studles, on a half-completed package of such a computer-
alded design cycle, may also be valuable to our work.

Computer Evaluation of Cauchv-Tvpe Integrals -

Paul! A. Wieselman

A unique method for the solutlon of the general plane stress
o, straln problem Is that of the Russian mathematician,
Mushkhelishvilli, This method transforms the blharmonic
equatlion associated with the Alry stress function (into a
speclial! comblnation of two analytic, and hence harmonic,
functions of a complex variable, The problem Is an
evaluation of Cauchy-type Integrals, for the solutlion
interfor to a complex domaln or region that is specified by
given boundary conditions, such as the loading of a stressed
part.
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The standard procedure for the evaluation of any Cauchy-type
integral for reglons bounded by complicated curves Is the
conformal mapping of such a8 reglion into a mathematically
more simple region. This mapping Is sometimes more
difficult than the original problem, The present study
seeks a numerical technlque for the mapping onto the unit
circle, elther of a general reglon that 1is described iIn
terms of the coordinates of points and smoothed by curve
fitting or of a polygonal reglion of stralght llines, The
value of such a mapping In many other types of problems
besides those of analysis Is evident,

Our past work with the Project MAC facllities was the
evaluation of some very-high degree, but approximate,
complex, polynomlial mapping-functions, whose coefficlents we
obtained analytically from the Schwarz-Christoffel
polygonal-mapping formula, We shall soon complete a
numerical minimizing technique that automatically evaluates
the polynomial coefficlients from the Input. data of the
boundary description., We shall then apply the completely-
automated happlng-technlque to the stress analysis problem
and evaluate Its accuracy,
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A Preliminary Study of On-Line Structural Design -

Gerald M., Sturman

Our goal is the use of the CTSS to ald in the design and
optimization of clvil engineering structures. The use of
high-speed computers has not altered the trlal-and-error
nature of the process of structural design, because the
analysls of an Indeterminate structure, the most common
type, depends on the properties of each of the structural
elements, Thus, unless we know these elements, we cannot
analyze the structure; and, to design a structure, we must
Intuitively choose the properties of the elements, analyze
redesign them, and then further analyze, and so on, This
process continues untll a satisfactory design 1Is obtained.
A regular batch-process computer operation delays by several
hours the results of each analysis. The design process has
thus an artificlal prolongation, and the designer has no
real dlalogue with the computer., We have been experimenting
with an on-1ine structural design process that uses two
existing programs written for the M.I.T. CTSS: the STRESS
program for structural analysis, and the ilnear programming
routine MFOR, daveloped by the RAND Corporation for
structural design.

Iintultive knowledge of the behavior of structural systems,
derived from the experlence and training of the designer,
guldes his choice of a preliminary structure, Time-sharing
may help facilitate this cholice, since It makes many of the
calculations necessary for a choice of elements in a
preliminary structure on-line and parttally automates them,
The STRESS program analyzes the chosen preliminary
structure. This analysls may be for either one system of
loads on it or, In the general case, a variety of load
systems. At this point the designer sees which load systems
are critical and which may be ignored. Subsequent trlals
are more efficlent, and the designer saves time by observing
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the behavior of the structure as he repeats the design cycle
with the help of MFOR. Our current studies Include the
cholce of a preliminary design, the Increased ease In the
switching of control from STRESS to MFOR, and more efficlient
methods of redeslign between the STRESS and MFOR cyciles.

SIRESS: Structural Engineering Systems Solver = J. Melvin
Biggs, Robert D, Logcher, S. Finkelstein, S. P. Mauch,

Richard V. Goodman, Salvatore G. Mazzotta, and John R. Roy

STRESS Is a problem-oriented language and processor for
structural engineering that is intended as a design tool
suitable for deslign problems and for an easy application of
the computer to approprlate parts of the design process., It
operates on the dissected components of the structural
design process, so that the englneer may easily manipulate
them to sult each deslired application, The success of
STRESS has been a step in the Improvement of man-machine
communication in structural engineering.

The number of variables Iin a design process Is generally
very great; and, In addition, the Interdependence of many
varlables is nonlinear In even the simplest design,
Traditionally, the design process Is separated Into
components in such a way that only a small group of
variables are in nonlinear relations, and the process itself
Is an iteration upon Its components, We use the linear
relations In an elastic analysis.

The number of equations required for analysis Is a llnear
function of the topological size and a function of the type
of structure. The amount of data required for, and
resulting from the analysis varies approximately wlith the
square of the number of equations., Due to the extensiveness
of the calculations required, we have undertaken few
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analyses during design; however, we have devised elaborate
approximate and special methods to obtaln some semblance of
analysls with hand calculation, We have used the computer
extensively for structural analysis, but always In speclal
cases, two of which I1lustrate the contrast between need and
past use,

We have extensive computer programs for the analysis of very
ferge or special complex structures such as radar antennae,
Generally, these programs are not easily usatle, alterable,
o' expandable; and they display a distinct remoteness from
the engineering process. The vast majority of programs are

for relatively small structures of speclal types, but In

many cases policy forces the englneer to use them even when
thelir 1imlitations curtail his Inventiveness,

For the development of a general design tool, we began In
Iinear elastic analysis., This embodled a well-formulated
but necessary component of the deslgn process and had many
characteristics of the whole, particularly the form and
extent of both the data and the program. We have tried to
provide a language for easy communication, for automatic
data handling, for programming without direct concern for
storage allocation, and for the most general capacities for
flexibillty, all within the framework of an easlly
expandable system,

The present language, described in the SIRESS-User's Manual,
attempts to simulate the engineer's natural language In
order to maintain his assocliation with the problem, The
processor |s a problem-oriented language, not only because
of the free field and language form of the Input that
embodlies such phases as MEMBER 23 RELEASES END FORCE X Y
MOMENT Z, but also because of Its generality of form and
operation and its treatment of the components of the design
process., STRESS Iis a communication tool: In Input-error
correcting or problem-speclfication debugging, In searching
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data for pertinent results, and In design evolution by
successive mod!fication of a problem,

Efficient use of both rmian and machine Is based on the type,
form, and method of Input-output, The present form of (/0
in STRESS is efficient within the desired limits of
generality. |Input, Involving more than a few lines of data
from a console to a large translation program, Is slow and
inefficlent for a user and requires large amounts of swap
time. Inpiut to the disk, with the small monitor routine, is
rapid and efficlent, DIisk Input to a program, 1Is also
efficlent, but the detection of an error forces an

" Interruption In It,

Both user and program must be able to operate on the
Inputting process. The user types a statement, READ FROM
FILE SAMPLE TRUSS, to continue the Input process from
previously-prepared input data. Error detection prints an
appropriate message, and then returns control to the console
for minor problem modification. The user still has the
option of typing Input from the console to the program., The
machine can prepare output fast enough to fill Its output
buffer more rapidly than its economical computation rate for
signiflicant memory usage, Efficlency Is then 1low and
response poor.

We have altered the STRESS processor to place all output
greater than a few lines onto disk files and, If we desire,
to print these files with a very small program, The
printing, linked to the program blocks with the
command=-chaining feature, differs from the block with Its
absence of common storage. Finally, the separation and slze
restrictions placed on conso'e output programs, and the use
of the disk as an Integrai component of significant 1/0
programs, Increase the efficliency and speed by at least an
order of magnltude.
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In summary, the effort of the past six months has resulted
in an operational STRESS via CTSS. We are now gaining
experience In applying the syéfem to practical problems In
engineering design. Additions to the output capacity are
desired, to decrease human response time In the required
design decisions.

Iransoortation and Highway Systems -

John A, Suhrbler, Dale Gladding, R. Tepper, D. Moran

lntroduction

This Is a summary of time-sharing related research activity
in the transportation and highway systems group of the
Department of Civil Engineering. The personnel within this
group are supportedljn part by the Massachusetts Department
of Publlic Roads and In part by the Inter-American Program In
Civil Engineering.

The objective of thls research is the development of an
Integrated system of computer routines, computer and
computer-related hardware, and engineering procedures which
can solve the problems assoclated with the 1location and
design of a highway transportation network. Because of the
complicated relationship between the cost of a faclility and
Its topography, these problems may be difficult, Such an
integrated system Is, therefore, necessary to maximize the
benefits of Investments both in the highway facility Itself
and In the engineering effort expended in the choice of the
location, The research goals during the reported period
were: the assembly of existing operable computer programs
Into a prototype route 1location system, and the further
development of computer routines to ald engineers in
selecting and designing feasible horizontal and vertical
allgnments.
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Ihe Route Location Problem

Location engineering makes decisions by means of operations
upon iInformation In order to produce a selected course of
action. These operations are the ldentification of goals and
decision criteria, the search for a set of alternatives, the
prediction of thelr consequences according to some scheme,
and the decision on the basls of these criterla elther to
accept an existing alternative or to continue the search
process. An integrated route location system, such as the
one discussed here, should therefore Include computer
routines not only for prediction and evaluation, but also
for search and declislion,

The route location problem 1{is hierarchical In structure.
Typical of the higher levels of analysis are the decisions
as to what broad areas the system Is to serve. Somewhat
lower decision levels may be concerned with the planning of
specific projects and with the preliminary location of
individual links. The lowest levels of this hierarchy are
represented by engineering design and the preparation of
design plans and speclifications., A route location system
must fnclude not only routines which are applicable within
each level, but also procedures and techniques for
controlling the progression between levels,

The man and machine should be able to work together as a
single problem=solving system, This interaction determines
strongly the language In which the engineer describes his
problem, the means with which he specifies the type of
solutlon required, and the form in which he displays the
solution, Decisions concerned with the 1location of
transport routes are usually not clear cut; therefore, the
engineer must be able to examine this uncertainty through
such techniques as sensitivity analysis, statistlical
decision theory, a.1 the monitoring of real world
condlitlions,
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Development of a Prototvpe Route Locatlon Svstem

We have designed and made operational a protytype route
location system, Although the current system includes cnly
the basic routines of the Digital Terralin Mode (DTM) Deslign
System, the system structure Is open ended so that we may
easlly Incorporate routines based on the DTM Location
System, the Vehicle Simulation and Operating Cost System,
the Horlzontal Alignment Selection Program, and the Vertical
Alignment Selection Program. Embodied in the system are the
concepts of a problem-oriented language. The Input
communication Is In terms of program calls, such as EDIT
TERRAIN, SIMULATE VEHICLE, DESIGN VOLUMES, and SELECT
AL IGNMENT; Input descriptions, which enable the engineer to
Iinput certain design conditions and a typlcal roadway cross
section; alignment descriptors, which enable the engineer to
describe and to modify the horizontal and vertical
alignments; and output descriptors, which enable the
engineer to specify the tabular and graphical output with a
series of OUTPUT and PLOT statements, The allgnment
descriptors are an extremely Important part of this
prototype system, During the course of a single session at
a time-sharing console, an engineer can not only examine a
number of alternative allgnments but also make numerous
modl flicatlions to these alignments In an attempt to Improve
them,

Automatic Selection of Horizontal A)ignments

Dale Gladding has formulated and developed a technique for
the automatlic selection of horizontal alignments. He
adapted this work to the CTSS system, so that communication
between man and machine could be Improved within this
Individual routine, the Profile Selection-Evaluation System,
to be described later, could be more easily used to evaluate
the selected alignments, and that the routine could be
incorporated into the prototype route location system,
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He investigated several methods of alignment selection. The
one chosen Iinvolves the determination of surfaces of
potential vertical alignments by means of a mathematical
smoothing technlque, By examining the potential road
surfaces, along with the original terrair model, he obtalned
a transportation cost function (or cost model) that Involves
both construction and user costs for the area considered. A
least-path algorithm may search thls cost function to
determine the minimum cost path between two points, and this
path and other feasible routes may be plotted automatically
or manually on a map.

Profile Selection-Evaluyation System

John Suhrbler developed the loglic, methodology, and computer
programs for an Integrated-proflile selection-evaluation
system, The system calculates the horlzontal geometry,
generates and plots the ground profile, selects a tentative
highway profile by means of a mathematical averaging
technique and plots it over the ground profile, “calculates
the earthwork volumes assoclated with this profile,
simulates the operation of vehlicles over this alignment to
determine operating and time costs, summarizes the results
in the form of total and annual costs, and asks the engineer
whether he would llike to Improve the selected profile. He
based his calculations on the theory of the Digital Terrailn
Model and employed In them the routine and programs extant
in the DTM Location System,

The highway profile must generally meet certain engineering
restrictions, which are commonly assoclated with grades,
sight distances, and control points. In addition to these
engineering constraints, there Is an economic principle to
be satisfled: the vertical profile selected should minimlze
the sum of the Initial construction cost and the continuing
user cost. He wrote this program so that the selected
profile satisfies these two types of restrictions.
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An important and cruclal part of the system Is the feed-back
loop in which the engineer can Improve the profile selected
by the machine. An engineer may gain a very good notlon of
how slight shifts In the vertical alignment Influence both
construction and user costs. Experlience has shown that he
may gain this I{ntultive notion after a few minutes of
playing with the profile at a time-shared remote console,

An adaptation of the Proflle Selection-Evaluation System to
the CTSS system has improved coomunication between man and
machine, especially In the feedback loop where Interaction
is now entirely In the English language. The use of the
system thus became both easy and rapid in Mr. Gladding's
experiments with the horizontal allignment selection program,

Eurther Time-Sharing Activity:
In addition to the design and development of an ultimate
route location system we plan the following work:

1. an incorporation of the Vehicle Simulation and
Operating Cost System into the prototype system,

2, an Investigation of ways In which the traffic
assignment program, deve'oped by the Transportation Demand
Research Project 4in the Department of Civl]l Englneering, and
the prototype route location system might be used together,

3. the further development of the horlzontal and
vertical allignment selection routines to Improve thelr
usefulness as englneering design alds,

b, the possible fleld testing by the Massachusetts
Department of Public Works of the existing prototype system
on one of their current location problems,

Ihe Transportation Demand Project - William F. Johnson

The designing of an urban transportation network Is a
complex Iterative process that requires much data and
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computation, Analytic technliques are not sufficlently well
developed for the engineer to simplify the problem and still
achleve reasonable results. He may use computers for
particuluar stages of the deslgn process but uncertain data
and nonsystem oriented techniques preclude quick, one-step
solutions, Optimization Is mostly guesswork, Current
techniques make evaluation of alternative networks difficult
because of the work required to specify a network. Present
design studies attempt the selection of alternatlves and the
evaluation of their relative merits Iin a limited amount of
time with Incomplete data,

The traffic assignment technique under development by the
Highway Transportation Demand Research Project has several
unique features. It simulates the 1loading of an wurban
transport network by specifying cost functlons for the links
of the network and by assoclating the demand for transport
with travel between palrs of nodes, The cost of travel over
a link Increases as the number of trips taken over that 1ink
increases; the number of trips between two nodes decreases
as the cost of travel between the two nodes increases; and,
the equllibrium number of trips between two nodes Is the
number for which the cost and the willingness to pay balance

one another, Equilibrium for the entire network |s
achleved when the equiltbrium number of trips between each
nodal pailr Is determinate. We select nodal palrs for

assignment In random order, and we assign trips between
nodes of the transport network In increments.

Our present research attempts to evaluate the effect of the
random selection process and of the variations In increment
size on the final network simulation. Our techniques are
flexible enough so that we may evaluate many assumptions
underlying present traffic assignment methods., We are also
Investigating the interrelationship of assignment methods,
the machine configuration, and the character of the
transport network planning problem,
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Our research seeks out methods for making the digital
computer more useful for transportation planning and design.
It will Include programs with which an engineer may easlly
specify and change a network. We shall also determine
whether a slow speed Input/output device, such as a
time-sharing console, can handle large amounts of data and
shall try to structure problems so that they highlight that
Iinformation on exception which Is necessary to the engineer
for a quick understanding of the effects of network changes,

Highway Route Location = Marvin L. Manheim and James E.

Burke

A number of computer programs perform analyses iIn different
phases of highway route 1location: the DTM Design and
Location Systems for evaluating locations 1iIn terms of
earthwork and other construction costs, the Vehlcle
Simulation System for evaluating the user-cost effects of
locations, algorithms for generating horlzontal allignments
and vertical proflles, and the Assignment program for
predicting the distributlion of traffic through a network,

We are now developing an iIntegrated highway location system
in which all these programs are available to the engineer.
For us to integrate them Into an efficient problem solving
process, this varlety of tools requires a scheme by which we
could declide just which of these programs and thelr
associated procedures to use at a partlcular stage In the
solution of a highway locatlion problem, The object of our
research has heen the development of such a scheme and Iits
implementation In the form of a computer program,

The scheme represents the location process as the execution
of a sequence of experiments which uses a partlicular set of
programs and procedures, With Bayesian decision theory we

g
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have developed a model for computing, at any stage in the
location process, the best experiment for the engineer to
perform next. After the engineer supplies essentlal
judgements In the form of subjective probabllity
distributlions, the computer program, GUIDE |, explores with
a statistical decislion-theory computation the Implications
of these judrements and then determines the experiment for
which the total expected return Is greatest,

The avallability of CTSS enabled fairly rapid development
and debugging of the program. Time-sharing was Invaluable
for explorations of the properties of the program,
particularly of the dependency of the recommended actlon
upoﬁ alternative forms of computational approximations,
expressed in both parameter settings and the use of
alternative subroutines, upon changes In the data of a
problem, and upon constraints on the baslic englineering
process itself, The general 1loglc Is that of the tree
exploration kind which necessitates heuristics to make
computation practical. We developed a number of heuristics
and conducted experiments with different combinations of
them. . The time-sharing mode allowed us to begin an
experiment, to observe the results In progress, and to
terminate the computations when we were satisfled with the

combination of approximations, Thus we could try many
different combinations and yet not use the computer time
required for exhaustive execution of the computations, In

addition, we developed a program with alternative levels of
print-out detall at the console so that we might adjust the
level of print-out according to the Information we desired
in a particular run,

Looking ahead to eventual practical utilization of Guide |
in an integrated route 1location system, we foresee the
following mode of operation., While the engineer executes a
particular set of route location procedures In the foregound
of the time-sharing system, Guide | works In the background

v ——



28 CIVIL ENGINEERING DEPARTMENT

to compute those location procedures the engineer will use
next. Upon completion of the foreground procedures, the
engineer calls Guide | into the foreground, examines Its
output, and recommends the next procedures to be used; then
restarts Guide | with the new conditions, returns It to

background, and finally begins execution of the new location

procedures in the foreground. Time=-sharing would thus allow
the engineer to move easily between the engineering
procedures themselves and those methods which aid him In
choosing the engineering procedures.

Jraffic Flow Analysls =~ Wayne M, Pecknold and Kent L.

Groninger

Our Initial objective was a working understanding of the
techniques avallable with Interaction between man and
machine, of thelr use In the solution of traffic problems,
and of thelr applicabllity to the problems of a broad
spectrum of users. We developed programs for simulation and
for statistical testing of traffic data which were composed
of vehicle passage times at a stationary road point. We
then transformed the data Iinto histograms and, presuming a
known Interarrival distrubution, we performed on It
goodness-of-fit tests for signiflcance levels. These tests
require a first approximation to some unknown parameters,
After expending much effort to estimate them, we concluded
that a graphical on-line pilotter would greatly Iincrease
accuracy and reduce the time needed for calculations and
that, In any event, visual alds would he useful In this type
of problem,

In the second part we refined further these programs for
trafflc problems and, using queueing theory with a Markov
process, constructed a probabllistic systems-engineering
model of a signalized intersection, The dynamic control of
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traffic will require close Iinteraction between man and
machine, If we are to use computers for this control In real
time, Therefore, we developed a model to determine the
dynamic aspects of traffic flow rates and the conditlions and
periods of time for which they can be assumed stationary,

We wrote several subprograms for future use In
transportation problems, for example, a program to handle
the assignment problem which determines optimum allocation
of traffic flows on a network and a generalized Polsson
probablility program., We also attempted jolintly a linear
programming approach to the synchronization of traffic
signals, This attempt gave us the opportunity to test the
usefulness of interaction between the users of a particular
problem number common flle,

Future objectives of work under the direction of Professor

Bisbee are: first, the further development of traffic

queueing problems and of solutions wlith emphasis on the

efflcacy of programs developed to process actual data

. supplied by the Port of New York Authorlity and, second, an
investigation Into other areas of traffic flow and of
transportation problems by means of stochastic models bullt
on the Information galned from the queueing prohlems
mentioned above,

Qotimum Allocation of Traffic Flow - Alan M. Hershdorfer

Our problem In traffic flow Is, with a given arterlal street
or freeway network and the traffic demands made on 1It, to
analyze the effect of an Increase of road capacity or of a
creation of one way streets on the optimal flow pattern and
on the total network travel time, The formal specification
of the problem was as a nonlinear program soluble by a
g linear approximation. The revised Simplex algorithm, Share
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program RSMFOR, developed as a foreground time=-sharing
program, Is suitable for time-sharing operation because It
preserves the original problem matrix, whereas the standard
Simplex method does not. The program user may change
convenlently one or several problem parameters and then
update the solution without again having to read in the
unchanged data and to start the calculation from the

beginning.

We have structured the time=-sharing version of the Ilinear
program as a problem-oriented language with its own set of
linear programming commands. We may control the program
directly by means of the console or of pseudo-tape files.
The program permits, a'l In core, the solution of relatively
large linear programs: up to 511 rows, 2000 columns, and
7000 nonzero matrix entrles, We are preparing a user's
manual for the time=sharing linear program, We hope this
program will be useful to all at Project MAC who deal with
optimization problems, We designed the program to
facilltate the interaction between man and machine In the
problem-solving process, especlally iIn those problems In
which we must view the problem statement In the light of a
previous problem solution. In particular, we hope that it
might be integrated with STRESS.

The linear program assocliated with the optimal traffic flow
problem has a block dlagonal structure which allows a
solution as a series of related subproblems by means of the
Dansiz=-Wolfe decomposition technique, We have share
distributed to apply this technique (SMDASS-SMDCOMP) and are
developing a time=sharing version of this package. When we
have completed It, we shall have made avallable to
time-sharing users a powerful tool for solving block
diagonal linear programs of great size,

We are also considering the development of time-sharing
versions of two nonlinear programming codes, The first,
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SCM3, allows plecewise linear constraints and objective
function; the second, SDGP90, an arblitrary objective
function with Yinear constraints. In conclusion, the study
of a problem In network theory has led us to the development
of a llbrary of time-sharing mathematical programming codes.
We expect this development to continue through the coming
year,

Iraffic Simuylation Studies - Jay R. Walton

The unique features of a time-sharing system have caused my
original goals to expand and my original methods to be
modified In the following ways:

1. The general traffic simulation program, which | had
envisioned as a single large subroutine with variatlions
through use of parameters, is now taking the form of a
GPSS=-COGO language that allows each user to write his own
simulation model, This change takes advantage of the ease
of altering programs and avoids the 1long service times
assoclated with large programs,

2. Whereas intermediate output was formerly Ignored,
it is of major interest., Through effective use of ([t the
engineer can monitor simulation and control Its course,

3. The anticlipated use of simulation models has
extended to thelr application In the determination of
rational trafflic control policies., With time-sharing, an

engineer may simulate traffic under some (nitial control

policy, watch and see what happens, adjust, and so on. In
these cases he seeks a control policy that produces good
flow conditions rather than the solution of a specific
Iintersection or network problem,

4, The communication potential of time-sharing has
emphas!zed the Inadequacy of standard 1/0 devices In the
realization of that potential. In batch processing, the user
is relatively unaware of, and unconcerned with, the mode of

I~
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output of data, On time=-sharing, however, he generally must
watch as his answers are produced serlally from left to
right, 1lne by line, digit by digit, and letter by letter.
He does not want this serial production; he wants a block of
data, a table, a matrix, or a complete 1listing of hls
program; and, he wants it quickly, Devices that can produce
this kind of output are, In the order of Increasing
satisfaction to the user: a line printer, a page printer,
and some device that converts blocks of binary output Into
an image on a TV screen., WIith the latter procedure, a user
could look at his output, as he now looks at microfiim, by
rolling the Image forward or backward to the desired
Information, ’

Because of these revisions | have not made much progress
towards completion of a general simulation model; Instead, |
have modified my previous work on one-way trafflc to Include
some of the above features, At present the model represents
movement al.ng a one-way roadway. The parameters of the
model are the length of roadway, distribution of entering
times, velocitlies, following distances, and the simulated
time. There are optlions that will print out queue Ilength,
delay measures, and positions of vehicles, Any of the
parameters of the model may take on different values during
a run,

in addition, | have attempted to apply the time-sharing
version of GPSS to traffic simulation for specific models,
They are the following: the Intersection of Massachusetts
Avenue and Memorlal Drive, the intersection of St. Paul's
Street and Beacon Street, a generalized "T" intersection of
two roads of two lanes each, and a one lane, one-way roadway
with signals,
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Rallwav Engineering Systems - Norman W. Luttrell and
S. R. Ditmeyer

Our objective has been the development of a large-scale
real-time rallway engineering computer system, The Initlal
work consisted of programs to simulate the running of a
rallroad freight train over a track that was described by
Input data. The finished computer model of a rail vehicle
will be quite comprehenslive, Our main algorithm uses
propagation through finite steps of distance, However, for
long sections of track of constant gradlient, the nonlinear
differential equation of the train's motion Is Integrable
and has solutlions In the form of hyperbolic functions,

This single-step approach, although more complicated than
the finite difference method, permits faster computation 1In
cases which otherwise would require many finlite steps, Our
approach to this simulation problem Includes a calculation
of braking forces and train deceleration during the period
of alr brake application and subsequent release, This
problem is quite Involved due to both the slow rate of
propagation of the braking action down the length of a long
train and the variability of rates between dlffgrent cars In
the train.,

Our next project, which comes In response to a suggestion
from representatives of the New York Central Rallroad, wil!
be a study of the feasibility of an on-line query and reply
system designed to handle those real-time adjustments In
freight train schedules and connections that arise from
delays to one of the trains. At first, core storage will
contain the following Information for each scheduled dally
freight traln on the rallroad: traln number, summarlzed
schedule, and a shortened description of designation, as
Cleveland, Pittsburgh and East, Buffalo, Syracuse and East,
It will also contailn Information on the scheduled
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connections to be made with other trains.

As delays are reported to the console operator, he types
them In on-iine, The proposed program will find the
connecti.ns about to be missed and then calculate the totai
delay, which results from this missed connection, to all the
cars In the traln at thelr final designations. If the
operator finds these delays unacceptable he will have the
prerogative of making the connecting train walt for the
delayed traln, This walt will become a delay for the second
train and will result in more calculations by the machine
and more declslons by the operator, He may type In new
delays at any time. In effect, then, human judgement still
controls decisions, but with a better knowledge of the
consequences of each decision than It has at present,

Soll Enginecering Problem=-Oriented Language = Robert L.

Schiffman and Laurence N. Beckreck

SEPOL (Soil Engineering Problem-Oriented Language) Is a
program designed to implement the Interaction between man
and machine in handling problems which arise [In soil
engineering design and research. A maln program of the
language introduces the format mentioned below, inlitlates
the values of variables, requests Iinformation on the type of
problem to be analyzed, calls the appropriate subprogram to
initiate the right analysis, offers the Initiation of a new
problem or a change of parameters on the previous problem,
and then gives the new results,

The system Is based on a8 hierarchy of calculations In a
tree-llke structure In which each subroutine analyzes a
particular part. In this way, the desired results are
complled along the branches of the tree and fllter back down
to the main program., Each subroutine has Its own direct
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communication faclilities with the user, When he needs a
parameter, the subrouvtine seeks a determination of It at
some other point In the analysis and then uses the value
found. If It finds no determination, the program calls for
the value or calculates It from some other values,

The language Includes several important methods of
settiement analysls., Wherever certain options are not vyet
in the program, a subroutine prints out a statement to this
effect. The storage of varlables and of arrays for those
values needed more commonly than by the subroutine Is In the
common area which we allocate by program, Thus, we avolid
the restricziveness of the FORTRAN DIMENSION statement.

Whenever the program offers the user optlons, as cholces
between methods of analysis or input, he specifles a choice
with the floating=-point number suggested by the program. He
can use only floating=-point numbers, one per 1line, for an
Input of numbers. An appropriate subroutine accepts the
answers "yes" and "no" at certain points, The use of
numbers to specify options simplifies both the writing and
the use of the program, However, when we add the free Input
format that we have planned, we shall specify elther the
number or the option itself, This specification will
require an input analyzer to determine the substance of the
Input statement. Although we have not yet determined the
value of a free Input format for thls type of language we
shall include a certain amount of It.

Intended modification will permit the user to break the
question and answer sequence controlled by the program and
to go Into a manual mode. He will then be able elther to
specify with a limited set of commands extra output values,
to return to a previous point In the communication, to
change a value and continue, to call for a 1leave In an
abbreviation mode of questions whose Interactions he knows,
or to demand an explanation of a particular method.
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We shall add many other solil problems and methods of
analysis from aréas besides settlements such as stablility
analysis and seepage, The language we are writing can
evolve with the changes and needs of soll engineering, since
Its hierarchical tree-like structure provides for easy
additions of new methods.

Ieaching Machine System - Daniel Roos

The teaching machine project includes both the design of an
operational teaching machine system controlled by a
time-shared computer and the use of this teaching machine to
present course material that explains the compatible
t. ‘e=sharing system to Interested members of the M,I.T,
community. The teaching machine itself has three parts: the
computer and computer program which controls the operation
of the system and contalns the necessary decislion-making
that the computer must perform, the remote console, which Is
the principal communicating device between the student and
the computer, and a display device that contains the course
material to be presented to the student, At present elther
a teletype or 1050 unit Is. the remote console, and a simple
looseleaf binder with Index tabs to denote sectlons serves
as the display device.

The course materlial Is divided Into a series of concept
blocks each of which contains a description of some aspect
of time-sharing. The ctudent sits at a remote console and
reads an assigned concept block from the course material in
the loose leaf book. He 1Is then asked to perform some
opecation with the remote console, The computer recelves,
analyzes, and then comments on his answer; It also types the
assignment of a new concept block. Since the teaching
program contains branching, the assigned block depends on
the answer the student has just typed. The next block may

LT
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contain a review of the material iIn the last concept block,
an explanation of any error the student made In his reply,
or a presentation of new material, Each student follows a
different path through the network of blocks,

The course material Is designed so that the student will
experience a typical time-sharing session., He Is requested

to perform actual time-sharing operatlions, At the
conclusion of the course he has typed In, complled,
debugged, loaded, and run several programs, The student

should not feel that he Is taking a test when he [|s asked
random questions, but rather that he Is solving a problem
step by step In the presence of a teacher who helps him when
he goes astray. At the end of the course the students have
a permanent docume